Abstract. Ni-P-Al 2 O 3 nano-composite coatings were successfully fabricated on a P20 plastic die steel surface by electroless plating process containing sulfate nickel, sodium hypophosphate and suspended Al 2 O 3 nanoparticles. The pH value and temperature of the electroless bath were 4.5 and 87ºC, respectively. The coating was characterized for its microstructure, morphology, microhardness and corrosion resistance. Surface analysis using a field emission scanning electron microscopy (FESEM) showed that the dispersible Al 2 O 3 nanoparticles were co-deposited with electroless Ni-P coating onto substrates, the incorporation in Ni-P matrix of Al 2 O 3 nanoparticles increases the nodularity of composite coatings. The crystallinity, phases and element distribution of coating were analyzed by X-ray diffraction (XRD) and energy-dispersive X-ray spectroscopy (EDS). It was evident that the X-ray diffraction pattern of the composite coating is similar to that of nanoparticle free coating, both coatings have amorphous structures.
Introduction
Electroless plating is a chemical reduction process, which depends on the catalytic reduction of a metallic ion from an aqueous solution containing a reducing agent, and the subsequent deposition of the metal without the use of electrical energy, this method have many advantages over other coating methods, particularly electrodeposition, such as homogeneous deposition over irregular substrates, simplicity and no need for special equipment. Since the invention of electroless plating technology in 1946 by Brenner and Riddell, electroless nickel has been aroused a surge of research interests by it has proved its supremacy for producing coatings with high corrosion resistance, uniformity of thickness, desired hardness, wear resistance and high cohesion to substrate [1] [2] [3] [4] . Due to these desirable characteristics, electroless nickel deposition has been widely used in many industries like electronics board, automotive part, oil and gas instruments and as decorative applications and corrosion resistant coating and so on. To enhance desired properties depending on applications of coating, it has been proposed to deposit composite layer by codepositing various second phase particles using electroless process [5] . Several factors influence the incorporation of hard and soft particles in an electroless Ni-P matrix including particle size and shape, relative density of the particle, particle charge, inertness of the particle, the concentration of particles in the plating bath, the method and degree of agitation, the compatibility of the particle with the matrix, and the orientation of the part being plated. [6, 7] S.R. Allahkaram et al. [8] reported deposition, characterization and electrochemical evaluation of Ni-P-nanodiamond composite coatings, In their study Ni-P/nano-diamond composite deposition were coated on steel substrate and the optimum concentration of diamond nano-particles was found by study of hardness measurement, linear polarization and electrochemical impedance spectroscopy (EIS). The results demonstrated higher corrosion resistance and greater hardness as compared to the deposited Ni-P. A.S. Hamdy et al. [9] studied the corrosion protection performance of electroless deposited nickel phosphorus (Ni-P) alloy coatings containing tungsten (Ni-P-W) or nano-scattered alumina (Ni-P-Al 2 O 3 ) composite coatings on low carbon steel and the effect of heat treatment on the coating performance. S. Alirezaei et al. [10] investigated the hardness and wear resistance of two types of electroless coating including Ni-P and Ni-P-Al 2 O 3 coatings on AISI 1045 steel discs. The results showed that the existence of alumina particles in Ni-P coating matrix led to an increase in the hardness and wear resistance of the deposits. It was also found that heat treated coatings at about 400ºC have the maximum hardness and wear resistance. C. Dehghanian et al. [11] discussed that the effects of the addition of three types of surfactants (cationic, anionic, non-ionic) at different concentrations in the plating bath on the deposition rate, PTFE content and surface morphology of electroless Ni-P/PTFE composite coatings. It was demonstrated that the cationic and non-ionic surfactants created a uniform distribution of PTFE particles in the coatings. The effects of the surfactant type and concentration on the corrosion properties of Ni-P/PTFE coatings were also studied. The corrosion resistance was increased by the incorporation of PTFE particles into the Ni-P matrix. The level of improvement depended largely on the type and concentration of the applied surfactants.
In this work, we reported on the fabrication and characterization of Ni-P-Al 2 O 3 electroless composite coatings with applying an outstanding surfactants to obtain optimum concentration of Al 2 O 3 nanometer particles in electroless solution and more uniform distributions.
Experimental
Preparation of Ni-P-(nano-Al 2 O 3 ) composite coatings. Commercial plastic die steel P20 specimens (China BAOWU Steel Group Co., Ltd.) with dimension of Φ14 × 2mm, and Al 2 O 3 powder (Xuan Cheng Jing Rui New Material Co., Ltd.) with an average size of 100 nm, were used as substrate and reinforcement particles, respectively. To prepare the substrates and make them ready for pretreatment and coating process, they were mechanically polished with emery papers of up to No. 1500 and washed with acetone, ethanol and deionized water several times in an ultrasonic cleaner. Subsequently activated in a 5% (v/v) H 2 SO 4 solution for 30 s, followed by rinsed by immersion in distilled water at room temperature for 2 min. Following the pretreatment operation, the specimens were immersed in electroless bath, with chemical composition stated in Table 1 , for 3 h. In order to produce a composite coating, the Al 2 O 3 concentrated solution with a certain concentration of Al 2 O 3 nanoparticles were added to the bath and uniformly dispersed in the solution using a magnetic stirrer. Structur alanalysis. Phase identification was carried out by an x-ray diffractometer (X' Pert PRO, Netherlands) in θ-2θ geometry using Cu-Ka (λ = 0.15406 nm) radiation over a 2θ angle of 10-100°a t a step of 0.02°. The morphologyies and elemental compositions of the coatings were examined by afield emission scanning electron microscope (FESEM; JEOL JSM-6700F, Japan) equipped with an energy-dispersive x-ray spectrometer (EDX). Evaluation of Coating hardness. Coating hardness measurement, which is reported as an average of five readings on each specimen, was carried out using a micro hardness tester (THVS-10, Beijing TIME High Technology Ltd.) equipped with Vickers indenter under a load of 300g and load exertion time of 15 s.
Results and discussion
Coating morphology. Fig. 1(a) together with Fig. 1(b) show the Al 2 O 3 powder used as reinforcement particles are with an average size of 100 nm. Fig. 1(c) shows SEM surface micrographs of mechanically polished P20 Specimen. Fig. 1(d) shows the pattern of EDX of the mechanically polished P20 plastic die steel Specimen, which indicated that the P20 substrate consisted of Cr, Mn and Fe element. Fig. 1(e) shows SEM micrographs of electroless deposited Ni-P composite coating on P20 specimens. This figure reveals that the composite coating possesses a cauliflower type structure as Ni-P coatings do, as well as good homogeneity and high density. Fig. 1(f) indicates that the Ni-P coatings consisted of Ni and P element. The SEM micrograph of the Ni-P-Al 2 O 3 composite coating, shown in Fig. 1(g) , indicates the presence and favorable distribution of Al 2 O 3 particles within entire coating layer, and that the incorporation in Ni-P matrix of nano-Al 2 O 3 particles increases the nodularity of composite coatings. The resulting composite coating was measured to contain about 10.7 ± 0.5 Wt% of Al 2 O 3 particles. EDX analysis outcomes, presented in Fig. 1(h) , strongly suggest the presence of Aluminum and Oxygen elements in the coating. Coating structure. The X-ray diffraction patterns of as-plated Ni-P, Ni-P-Al 2 O 3 deposits and P20 plastic die steel substrate was shown in Fig 3. 3(a) shows the pattern of XRD of the mechanically polished P20 plastic die steel Specimen, which indicated that the substrate consisted of well crystalline body-centered cubic α-Fe phase and the peaks at about 44.5º, 64.9º, 82.1º and 98.7º. The α-Fe crystal diffraction peak intensity ratio I (110) /I (200) /I (211) /I (220) was 100/20/30/10 and corresponded with the data of standard PDF card 6-696. After the electroless Ni-P and Ni-P-Al 2 O 3 plating, it can be seen that the α-Fe phase on the substrate surface disappeared because the surface of the substrate was covered with the nickel deposition, see Fig. 2(b-g ). The diffraction pattern characteristics of the as-deposited Ni-P and Ni-P-Al 2 O 3 composite coatings are similar and they showed broad and high intensity diffraction at about 45º indicating that the coatings are composed of amorphous structure. The well-known amorphous structure of the electroless Ni-P coating is attributed to the distortion of crystal lattice of nickel by the phosphorus atoms [12, 13] . Hence, the incorporation of Al 2 O 3 nanoparticles into the Ni-P composite matrix does not affect its crystallinity. Coating hardness. The microhardness values measured for the composite coatings were 566.3, 564.7, 563.6, 561.5 and 550.9 HV 0.03 , which were higher than the magnitudes obtained for the Ni-P coating (537.1 HV 0.03 ) and substrate alloy P20 (382.5 HV 0.03 ). The observed phenomenon can be attributed to the effect of the dispersion strengthening of ceramic particles in the Ni-P matrix. The presence of Al 2 O 3 particles inside the composite coating most likely inhibits the movement of dislocations, thus increasing its hardness [14] [15] [16] [17] [18] .
Conclusions
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It was shown that the Ni-P-Al 2 O 3 composite coating posses a cauliflower type structure as Ni-P coating, as well as good homogeneity and high density and also has an amorphous structure same as Ni-P coating. The microhardness obtained for the Ni-P-Al 2 O 3 composite coatings was 566.3 HV 0.03 , which is much higher than that of what obtained for the substrate alloy P20 (about 382.5 HV 0.03 ). All results from the present study have proved that this new method is an effective way to produce nano-composite coatings with high hardness for promising industrial applications.
